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Recently published data suggest a possible solar influence on some nuclear
decay rates, including evidence for an annual variation attributed to the varying
Earth-Sun distance. Here, we consider the possibility that the annual signal
seen by the DAMA collaboration, and interpreted by them as evidence for
dark matter, may in fact be due to the radioactive contaminant 40K, which
is known to be present in their detector. We also consider the possibility that
part of the DAMA signal may arise from relic big-bang neutrinos.
1. Introduction
Nuclear decay measurements reported by independent groups in 19861 and
in 19982 exhibited an anomalous oscillatory behavior. Once known sys-
tematic causes were ruled out, the results suggested that the decay con-
stants λ in some radioactive isotopes might themselves be time dependent.
If this were the case, then the usual decay law would assume the form
dN(t)/dt = −λ(t)N(t), where λ and T1/2 = ln 2/λ would be explicitly time
dependent. Interestingly, a significant number of the decay-rate variations
observed to date can be attributed in one way or another to the Sun: e.g., an
annual signal presumed to arise from the annual variation of the Earth-Sun
distance,3 R, a (10–15) yr−1 variation associated with the Sun’s rotation,4,5
a Rieger periodicity,6 and evidence for an association between solar storms
and the decay rate of 54Mn.7 A summary of existing data suggesting a time
dependence of λ(t) is presented in Table 2 of Ref. 8.
Although some of the decay-rate variations in that table may be due
in part to seasonal variations in the sensitivities of various detectors (i.e.,
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arising from variations in temperature, pressure, and humidity), it seems
unlikely that such variations could account for the fact that experiments
at different locations, using a variety of isotopes and detector types, report
similar effects. Moreover, seasonal effects would not be expected to account
for periodicities in the (10–15) yr−1range, nor for short-term changes in
decay rates coincident with solar storms. In what follows we will thus as-
sume that the observed annual periodic dependence of λ(t) for some nuclear
decays arises from the Sun through some as-yet unknown mechanism.
2. Dark matter
There are numerous reasons to believe in the existence of dark matter (DM),
such as the observation of flat galactic rotation curves. A recent review of
the literature can be found in Ref. 9. Among the many ongoing DM searches,
the DAMA collaboration has presented the strongest evidence to date for
the presence of a DM signal.10 However, when their results are parametrized
in terms of the DM particle mass and its cross section for scattering off
nuclei, the region allowed by DAMA in the resulting exclusion plot is ruled
out by other experiments.a This has raised the question of whether the
observed DAMA signal could have an alternate explanation.
Since DAMA utilizes a large NaI(Tl) detector, which is known to have
potassium contamination, the possibility has been raised that the DAMA
signal may be attributable to the decay of naturally occurring 40K which
has a half-life of 1.26× 109 yr. To understand the relevance of 40K, we note
that the DAMA signal is an annually varying count rate in their detector
which may be consistent with the fact that the Earth’s speed relative to
the hypothesized DM halo reaches a maximum around June 2, when the
Earth’s velocity adds maximally to that of the Sun, and a minimum on
December 2 when the Earth’s velocity points the opposite direction. The
resulting annual variation in the DM flux (known as the annual modulation
signature) could thus explain the annual signal reported by DAMA.
In contrast, the 40K hypothesis attributes the annual signal seen by
DAMA in their NaI(Tl) crystals to X-ray photons emitted in the detector
itself from 40K decays. There are 3 dominant decay modes of 40K, of which
two are most relevant. The first is an electron capture (EC) mode to the
1461 keV excited state of 40Ar, followed by the electromagnetic decay to
the ground state of 40Ar. The signal for this mode, which has a branching
aSome models allowing for inelastic WIMP-nucleon scattering and spin dependence may
still account for the DAMA signal.
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ratio of 10.55%, is the 1461 keV gamma accompanied by a ∼3.2 keV X-
ray photon arising from the electromagnetic cascade which results from
filling the K-shell hole left by the captured electron. The second mode of
interest is the EC decay of 40K directly to the ground state, again with
the emission of a 3.2 keV X-ray photon but without an accompanying 1461
keV de-excitation gamma.11 This mode, which is estimated to have a small
branching ratio (∼0.2%), has not yet been seen directly but may be the
most interesting (see below). As it turns out, the annually varying DAMA
signal is detected for X-ray photons in the 2–4 keV range, with a peak
intensity near 3 keV, which is just the energy expected from the cascade
following EC in 40K. Although this may be coincidental, it may also be a
clue to why the DAMA signal is not seen in other DM experiments.
Another clue comes from the count rate observed by DAMA. Given
the concentration of potassium that DAMA acknowledges to be present in
their NaI(Tl) detectors, we estimate that 40K would produce an event rate
in the range of ∼1000 counts per day (cpd) from EC decay to the excited
40Ar state, whereas for DAMA/LIBRA the total count rate in the 2–4 keV
region is ∼530 cpd. Thus 40K could correctly account for both the energy
range in which DAMA see their signal and their observed count rate.
The preceding picture is suggestive, but far from complete, for the fol-
lowing reasons. (1) First, it presumes that 40K exhibits an annual mod-
ulation in the EC decay mode, similar to other isotopes, for which there
is no evidence at present. Fortunately, an experiment under way by Lang
and collaborators should settle this question in the next year or so. (2) Sec-
ondly, the phase of the DAMA signal (i.e., the calendar date where their
count rate is maximum) is approximately mid-May, whereas the isotopes
exhibiting annual variations which have been studied to date have phases
that are typically in the January-February or July-August time frames.
This could be a problem for the 40K hypothesis or, as we discuss below,
a hint at other new physics. (3) Another problem is the claim by DAMA
that they see no annual modulation in the signal for those events in which
both a 1461 keV gamma and a 3.2 keV X-ray (the expected signal for the
EC decay mode) are detected.12 Since the data to back up this claim have
not been made available by the DAMA collaboration, their claim cannot be
further evaluated at this time. Irrespective of this, it is worth noting that
the modulation in the low-energy events accompanied by 40K decay is not
necessarily correlated with a modulation in the 1461 keV event rate. Those
events which are associated with the EC decay directly to the ground state
of 40Ar (on the order of ∼20 cpd) are not associated with the emission of
Proceedings of the Sixth Meeting on CPT and Lorentz Symmetry (CPT’13)
4
higher energy photons — and therefore represent an irreducible background
in the energy region in which DAMA claims a signal. The activity from
this decay may be large enough to account for DAMA’s observed annual
modulation in count rate (amplitude of ∼10 cpd).
3. Discussion
Although the 40K hypothesis as a mechanism to explain the DAMA data
remains open, there may be a hint in the phase of the DAMA data of even
more new physics. Consider a system sensitive to several influences with a
common frequency ω, but different amplitudes and phases, described by a
function f(t):
f(t) = fmax
[
1 +
∑
i
δi cos(ωt− φi)
]
≡ fmax [1 + α cos(ωt− β)] . (1)
In Eq. (1), tanβ = (
∑
δi sinφi)/(
∑
δi cosφi) ≡ B/A, and α =
A/ cosβ = B/ sinβ, and δi ≪ 1 is assumed. It is thus possible that the
‘anomalous’ DAMA phase is the result of detecting several annual signals.
These could include a solar influence (phase Jan-Feb or July-Aug), dark
matter (May-Jun), and big bang relic neutrinos (∼Dec 10). The possibility
that DAMA could also be detecting relic neutrinos follows from the simi-
larity of the fluxes of solar and relic neutrinos, as noted in Refs. 7 and 13,
notwithstanding their differences in energy.
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